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Patent Application of 
James A. Turner 
For 

APPARATUS AND METHOD FOR 
SIMULATING SENSOR IMAGERY 

Field of the Invention 

This invention relates to systems and methods for simulation of imagery for 
displays for sensor outputs, and especially to the simulation of imagery for displays such as 
Forward Looking Infra Red (FLIR) viewing systems, and other systems with similar 
displays, e.g., night-vision systems. Simulations of such systems are often applied as part 
of larger simulator systems for vehicles, especially simulator systems for military aircraft. 

Background of the Invention 

In real FLIR systems, an infrared sensor or detector scans a field of view and 
produces from this scanning a video image that displays to the user the amount of detected 
radiation. Generally, the FLIR display is monochrome and the intensity of the monochrome 
display at each point of its field of view is a function of the temperature and surface 
characteristics of the object viewed at that point, the distance of the object from the sensor 
and atmospheric absorption characteristics, with white either representing hot or cold, at 
the election of the designer or user, and black representing the opposite. Alternatively, the 
FLIR output can be color video, wherein the color of each point of the display is a function 
of the temperature of the object viewed at that point. In either case, however, the video 
output to the viewer is dependent upon the detected radiation, which is indicative of the 


temperature of the object emitting it. The raw output of the infrared sensor of a real FLIR is 
normally AC coupled, either based on the frame or line of the display, and is displayed as 
video on a monitor, such as a CRT screen, or via another display device, such as a head 
mounted display projecting the image to the eye of the user, or a head-up display. 

Depending on the conditions and the temperatures of objects viewed with the FLIR, 
the detected radiation may indicate temperatures that range over more than a thousand or 
over only a few degrees Celsius. Generally, the temperatures seen in a FLIR are attenuated 
by the distance from the sensor to the object and the atmospheric conditions, especially 
humidity, and, where there is attenuation, the range of temperatures detected by the sensor 
is compressed toward the temperature of the ambient atmosphere. This means, for example, 
that an object with a temperature of 40°C viewed at a distance in air with a temperature of 
20° C might appear in a real FLIR to have a temperature of only 30°C or even as little as 
20.1°C or less, depending on visibility or atmospheric conditions. 

To display the FLIR sensor view to the user, the AC-coupled sensor output is 
subjected to an adjustable gain that varies the resolution of the temperatures displayed. 
When the gain is turned down, the range of temperatures represented by the range of 
monochrome shades of gray from white to black is relatively large, e.g., hundreds of 
degrees. This wide temperature range means that there is low temperature resolution, i.e., 
that temperatures a few degrees apart are all displayed as about the same monochrome 
shade of grey, making it difficult to distinguish between objects whose radiant energies are 
relatively close to each other. This is especially a problem where there is IR attenuation due 
to low visibility, high humidity, rain soaking, etc., and all objects tend to appear in infra- 
red to be within a few degrees of ambient. 


To overcome this, in real FLIR systems, the user can increase gain by a manual 
control, or an automatic gain control (AGC) may be provided so that the best level of 
viewability is provided on the display. When the user (or the AGC) increases gain, the 
range of temperatures displayed between white and black is attenuated to a narrower range, 
usually centered on the ambient temperature. Temperatures outside this range are displayed 
as either black or white, depending on whether they are hotter or colder than the operative 
temperature range, an effect referred to as "clamping", but temperatures within the range 
are in higher temperature resolution and more readily distinguishable from each other, 
because an equivalent difference in the monochrome gray shade signifies a smaller 
temperature difference at the higher gain. 

Simulation of such a display presents substantial difficulties due mainly to the 
difference between the AC coupled IR sensor data compared with normal video produced 
by image generators (IGs) generally used in simulators. Image generators used in aircraft or 
vehicle simulators generally are directed to creating imagery, like out-the-window scenes, 
that are simply to be viewed by a user as realistic imagery without added processing. IGs 
therefore generally do their calculations using variables of limited bit-size adequate to 
make common video imagery, and they calculate the color and shade of imagery and 
normally generate video output using 3x8-bit color values (8 bits for each of the red, blue 
and green color channels for each pixel) which is adequate color differentiation for realistic 
imagery that is projected for human viewing. This format is somewhat limiting in terms of 
output of a monochrome image, however, since, with 3x8-bit video output, the video output 
of the image generator is limited to 255 shades of gray. 

This form of output is especially dissimilar to the AC-coupled output of a real FLIR 


sensor when it comes to the application of gain. A real FLIR output, on increase of gain, 
has a full range of gray scale values, and fine differences between temperatures near 
ambient are magnified as gain is turned up, yielding a higher resolution display. In contrast, 
in a 3x8-bit pixel video output, an increase in gain would only produce a reduction in the 
5 number of shades of gray, with clamping of the temperatures outside the narrowed range, 
and there could be no higher resolution of close temperature differences, because that 
information is not present in the video output. 

Some prior art systems have tried to provide higher resolution of the simulated 
FLIR output by using larger numbers of bits in the internal processing of the imagery and 
W 10 in the output video. These systems theoretically provide adequate output to satisfy the 
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necessary dynamic range of the FLIR display. However, calculation with this larger 


^ number of bits comes at a cost premium, and the requirement of color calculation with 


larger bit sizes greatly restricts the choices as to which of the available image generators 
can be used in the simulation. 


Summary of the Invention 

It is therefore an object of the present invention to provide for simulation of systems 
for displaying a screen formulated from data, such as a FLIR sensor, while relying on color 
definitions that are more readily supported by common image generators, most preferably 
20 8-bit per channel RGB color processing and video output. 

According to the invention, a system is provided for simulating a display of a data 
variable over the pixels of a field of view. The system has an image generator with an 
output that transmits a video signal of at least two digital data channels. The system also 


includes a display system connected with the output of the image generator that receives 
the at least two digital data channels. The display system includes a combiner circuit 
receiving and processing the data channels and a visual display device that displays a field 
of pixels that can be viewed by the user. The visual display device is connected with the 
5 combiner circuit and displays video imagery derived from the data channels in the field of 
pixels for viewing by a user. 

The digital data channels of the video signal from the image generator each have a 
number of bit sets therein. Each bit set corresponds to a respective pixel of the display 
device and has a preset number of bits of digital data. The bit sets of the first channel each 

CI 10 represent a respective value of the data variable at a first resolution, and the bit sets of the 
second channel each represent a respective value of the data variable at a second resolution 

12 higher than the resolution of the first channel. 

s In the preferred embodiment, the simulation is of a FLIR system and the data 

b 

f II displayed on the display device is detected infra-red intensities, which correlate to the 

13? 15 radiation of the objects received by the FLIR sensors. 

lu It is also preferred to provide three channels at least of pixel data representing the 

value of the display data, e.g., the FLIR intensity, in three different resolutions and ranges, 
high resolution (and narrow range of data values); middle resolution (and a moderate range 
of data values); and low resolution (wide range of values). 
20 Preferably, the ranges of different resolution data are centered on the ambient 

temperature being simulated, because attenuation of infra-red in reality tends to compress 
all detected infra-red temperatures to a narrow field around this ambient temperature. 
It is also preferable to use the standard red, green and blue channels of a video 
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output from the image generator to carry the three different resolutions of data. Most 
commonly, these channels provide eight bits for each color per pixel. 

In the preferred embodiment, combiner circuitry is a dedicated hardware-specific 
digital circuit that receives the two or more channels of video output and processes these 
channels to select the channel that represents the accurate data unaffected by clamping. 

It is also an object of the present invention to support a gain control in a simulation 
that mimics the operation and effects of a gain control in a real system such as a FLIR. 

Other objects and advantages of the invention will become apparent to those of skill 
in the art on review of the present specification. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a simulation system according to the invention. 

Fig. 2 is a graph illustrating the resolutions and temperature ranges of high, medium 
and low resolution data channels of the preferred embodiment. 

Fig. 3 a more detailed schematic diagram showing processing of the multiple 
channel video signal in the combiner circuitry of the preferred embodiment. 

Fig. 4 is a schematic diagram of an alternate embodiment of combiner circuit. 

Detailed Description 

The simulation systems of the present invention are for simulating the display of 
values of a data variable that is detected over a field of view by sensors or detectors or 
other similar devices. Examples of such data displays for scanned or detected data variables 
are systems for providing imagery from non-visible radiation, which is either outside the 


visible frequencies (such as infrared or ultraviolet light) or below visible intensities (as in 
night vision systems). Particularly appropriate and benefited by application of the 
invention, however, are simulations of infrared displays, as will become more apparent 
herein. 

5 Referring to Fig. 1, the preferred embodiment of a simulation system of the present 

invention comprises an image generator 3 with a video output 5 carrying three parallel 
channels representing the red, green and blue components of the video stream. This video 
is transmitted, together with scaling data (which will be explained further below) sent on an 
additional output line 7, to a combiner circuit 9. The combiner circuit 9 is a dedicated 

It 10 digital circuit that receives the three channels of video output and the scaling data, and 

m 

r-4 derives therefrom a scaled output for display that it transmits over line 11 to a post- 

5 

H processor 13, which is also a digital circuit. The post processor 13 receives the scaled 

2 output for display and also receives input from a gain control 15 connected therewith. 

Jjf The gain control 15 is usually a device like a dial or sliding switch that mimics a 

15 real gain control that is adapted to be used by an operator to manually control gain in the 
displayed data. The gain control 15 generates an electrical signal indicative of a desired 
level of gain or change in gain for the displayed data. The post-processor 13 derives a 
display signal based on the gain control input and the video output of the image generator, 
and transmits the display signal to visual display device 17, which displays the digital 
20 signal to the user in a field of pixels. 

Alternatively, a lower fidelity system may omit the post-processor, and the gain 
control may connect with the combiner circuitry, which will apply the desired gain to the 
display output therein, for example, during the scaling process, including, where 
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appropriate, clamping the values outside the range defined by the gain control setting. 

It will be understood that the display is preferably a screen or monitor, such as a 
CRT or flat-panel LCD display, but that any device that displays a pixel field to a viewer, 
such as a head-mounted display that presents a small image directly to the viewer's eye or a 
projection system, may also be used for the display device 17. 

Together, the combiner circuit 9, the post-processor 13 and the display device 17 
constitute a display system for the data output on the video channels of output 5 from the 
image generator 3. 

In the preferred embodiment, the simulation of the invention is used in a vehicle 
simulator, especially an aircraft simulator, and the image generator 3 is connected with a 
number of other well-known simulator system components (not shown) that preferably 
include a simulated cockpit with user-operated flight controls that are connected with the 
image generator, and a projection or other display system that shows the user out-the- 
window scene imagery that changes with simulated flight of the aircraft, as well as various 
other simulated instrument and display outputs that help provide a realistic simulation. 

The image generator 3 is a host computer system running software that generates 
video based on data that defines the attributes of various objects in the scene space of the 
simulator. Image generators suitable for use with the present invention are widely 
available, and include image generators or software sold by Evans & Sutherland, Lockheed 
Martin, or Silicon Graphics, and almost any other PC based image generator. 

In the preferred embodiment, the image generator 3 generates out-the- window 
scene video for the simulation, as well as the output 5 for the data display. The out-the- 
window scene and any other video outputs beside the data display output 5 are transmitted 


from the image generator along output lines (not shown) other than output 5, which 
transmits only the output used in the simulated data display of the present invention. 

The signal output along line 5 is in form a video signal. By this it is meant that the 
signal is transmitted over a video cable as three separate channels, which ordinarily 
constitute red, green and blue channels of the color video output. As is well known in the 
art, each of the color channels is a signal containing data that defines sequential screen 
images of the associated color component of the total video. The data defining each screen 
image is composed of a number of sets of bits, and each bit-set defines a value of the 
intensity for the associated color component of the respective pixel on the video screen. In 
the preferred embodiment, the video format is one of the most common, in which the 
intensity bit-sets are sets of 8 bits, and wherein the intensity value transmitted by these bits 
can range from 0 to 255. 

Although the video output 5 is in video format with three channels of digital pixel 
data, the data in the channels is not color intensity values in the usual sense. Rather, the 
image generator and its software are made to create a digital data video signal by carefully 
controlling the color data and other parameters of image generation. In the preferred 
embodiment, the data variable to be simulated is calculated by a process wherein the sensor 
field of view is generated as a set of pixels, and by ray or beam tracing, or some other 
method in the rendering arts, the object that is seen by the sensor in each pixel, or location, 
in the field of view is identified in the scene database. Data about the object is accessed in 
the scene database, and this information is applied by a mathematical model to derive a 
value of a data variable for the pixel of the field of view being determined, yielding an 
array of data variables for pixels of the field of view of the sensor. Where the sensor is a 


FLIR, the scene database includes for each simulated object a key or pointer that defines 
for the simulated object being viewed what material it is formed of. This data and any other 
relevant thermal information, such as ambient temperature, sunlight angle, etc., for the 
object are used in a thermal mathematical model to determine a value of a data variable for 
5 each pixel of the simulated IR sensor field of view, which in the case of a FLIR is a radiant 
energy value. 

The calculated value of the data variable may be a larger data field, such as a 
floating point variable, but it is immediately scaled and stored in a number of data fields of 
y limited size, preferably 8-bits, that correspond to the associated pixel (or location) of the 

ffj 10 field of view. The scaling is such that the value of the data variable in the preferred 

m 

C'i embodiment is stored in high, medium, and low resolutions, as will be clarified below. 

W Together with the data values for the other pixels of the field of view, these data values are 

* passed through respective image generator channels 20 for the respective resolution, 

w 
Hi 

m wherein the data are modified as necessary to render the data more realistic in the 

Hi 

j4 15 simulation, for example, for various visibility factors or, in the case of a FLIR simulation, 

ril. 

fading IR radiance toward ambient temperature where there is attenuation due to 
atmospheric conditions, distance to the object from the sensor, and any other relevant 
condition. These image generation channels are basically software-based procedures 
executed in the computer of the image generator 3, and the data fields are stored in the 
20 computer-accessible memory of this system during calculations. 

The image generation channels each produce a respective set of scaled values for 
the data variable stored in limited size data fields that each correspond to a respective 
location (pixel) of the field of view of the sensor, i.e., a screen of data for the field of view 
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at a preselected resolution. Each data field preferably has no more than 8 bits for the pixel, 
and each scaled data value of the process ranges from 0 to 255. The data variable values 
from the three image generation channels 20 are then placed in an output video signal 
which is output from the image generator. 

The resulting output video signal contains values for the data variable for each of 
the pixels in the video signal, each of which correspond to a respective location in the field 
of view from which the data variable is to be displayed. The value of the data variable is 
stored in the different channels, but in each channel at a different resolution, i.e., low, 
medium and high, meaning that the limited bits of the specific pixel data are set to cover 
different ranges of values of the data variable. 

This packaging of data is best illustrated by an example shown graphically in Fig. 2 
wherein the simulated data variable being transmitted over the video channels is infrared 
intensity data for a simulated FLIR-type system. The IR intensity data for the field of view 
of the simulated FLIR is placed in three channels, a low resolution channel 19, a medium 
resolution channel 21 and a high resolution channel 23. These are technically color 
channels, but the data is monochromatic, i.e., a single value per pixel, so which color label 
(Red, Blue, or Green) is assigned to which individual channel is irrelevant. 

Low resolution channel 19 covers data values in a range of IR values (i.e., apparent 
temperatures for the pixel) that extends from ti to t 6 . Because there are only 8 bits in the 
usual pixel data bit set, the stored number for the temperature defining the value in this 
range is from 0 to 255. This means that the value of the least significant bit (LSB), i.e., the 
difference in value made by changing the last bit to a zero or a one, the minimum step in 
value change, for the data values in this low resolution channel is (t 6 - ti)/255. Also, the 
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value 0 in this channel means the lower minimum, i.e., ti and the value 255 means t 6 , with 
intermediate values dividing the range therebetween into increments each of the LSB. 

Medium resolution channel 21 covers the range of temperatures from t2 to ts. If, at 
any time during the image generation channel process, any temperature values in the pixels 
in the medium resolution channel were less than t 2 or greater than ts , those data values 
"clamp" to values of 0 or 255, respectively. Subsequent calculations are contaminated by 
this clamping, with the result that correct and exact value of this data is kept only in the 
lower resolution channel. This is a narrower range of temperatures, so the LSB for each 
value is a smaller amount than in the low resolution channel (fe - ti)/255 < (t 5 - 12)/255) 
and the result is a higher resolution of the exact value of the IR temperature data value. 
Because the number of bits for each pixel is pre-set (in the present example at 8 bits), an 
increase in range of temperatures covered necessarily results in a reduction in resolution. If 
higher resolution is desired, it is at the expense of temperature range coverage, e.g., 
doubling the resolution will halve the covered temperature range. 

The highest resolution channel 23 covers the narrowest range of temperatures, 
between t3 and t 4 , and consequently has the highest resolution (accuracy) of data values 
stored therein, but also the greatest number of clamped values will occur in this channel. 

Generally, the ranges of the channels should be around the distribution of the data 
values so that optimal use is made of the resolution of the range. It may be noted that all 
three channels in this FLIR example are centered on a single temperature, the ambient 
temperature t a that is used to calculate the data for display in the simulation. This is 
appropriate for FLIR simulation usually only when atmospheric conditions and other 
factors tend to cause the detected temperatures of objects to compress toward ambient 
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temperature. In such conditions of high attenuation, values for sensed IR temperatures are 
clustered around the ambient temperature, and the range of even the lowest resolution 
channel may be limited to as little as a few degrees Celsius. 

For other conditions and larger ranges of temperature, however, centering the 
channels symmetrically about ambient is not optimal, mainly because the distribution of 
temperatures of sensed objects above and below ambient are not symmetrical Looking on 
the cold side, there are only about 300 degrees Celsius below room temperature, and there 
are usually not many objects with temperatures below minus 40 degrees C, for example. 
On the hot side above ambient, though, there may be a variety of hot objects of varying 
temperatures that are of interest, especially in the military context, e.g., hot engines, warm 
metal parts, burning objects, etc. The detected temperatures of these objects can range in 
temperature from ambient to thousands of degrees. To make optimal use of the data bits 
available in the channels, it is better to extend the range more above ambient than below, to 
get some resolution on these hotter objects. At the same time, however, each channel's 
range should encompass the ambient temperature, due to the number of objects that are 
found at or near ambient temperature. 

It is also sometimes a consideration that the specific FOR system being simulated 
may have hardware characteristics that resist centering data channels about ambient. 
Specifically, some FLIR sensors have a limited range of temperature output, e.g., 100 
degrees C, and this may be limited by the hardware to a set range, irrespective of ambient 
temperature. 

Optimal ranges of data around ambient temperature therefore vary according to 
circumstances. Generally, insofar as resolution goes, a low resolution channel will have an 
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LSB of one-half degree or more, and the high resolution channel will have an LSB of a 
tenth of a degree Celsius or lower. However, this is all subject to adjustment for 
atmospheric conditions. 

To keep the high-resolution channel centered on the distribution of data values 
therein, the output may be sampled and averaged, and this average fed back to the image 
generator to adjust the position of the center of the channel window. A more sophisticated 
alternate design is to average, and also to prepare a histogram of the output. The range and 
offset of the channels can be then be optimized dynamically based on the histogram to fit 
the immediate scene conditions. 

Referring to Fig. 1, transmission of the data on the three channels also requires that 
scaling data be transmitted therewith to define the minimum and maximum values of the 
range of the data values for the channel so that actual values of the data stored in the pixel 
bit sets can be derived from the data transmitted via the high, medium and low resolution 
channels. To this end, scaling data is transmitted to the combiner circuit over additional 
data line 7 together with the video output on output line 5. The scaling data is generally two 
numbers, either a minimum value and a maximum value for the range of the channel, or a 
magnitude of the range and an offset defining a midpoint or lower end of the range of the 
channel. Using either of these two sets of numbers, the LSB and the value of the lower end 
of the channel range can be determined. The LSB and the lower end of the channel range 
can be used together with the value of the digital data stored in the associated bit set in the 
channel to derive a scaled value, such as, in the case of a FLIR simulation, an apparent 
temperature value. 

Alternatively, the scaling data may be transmitted to the combiner in the video 
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signal with the channels of data, or also the scale may be a preset constant of the system. 
Preferably however, the scaling data is variable, and is refreshed from frame to frame, as is 
desirable. 

The video signal output to the combiner circuitry 9 is subjected to further 
5 processing wherein each pixel of the three data channels is analyzed and the best data in the 
three channels is passed through for post-processing and display to the user. The preferred 
embodiment for this operation is best shown in Fig. 3. 

As has been discussed above, the infrared data base, i.e., the image generator 
programmed to produce the video signal, outputs the high, medium and low resolution data 
pj 10 channels together on output 5. The three channels are received by the combiner circuitry 

:V| 

$t and for each pixel of the video signal, the scaling data is applied to derive from the bit set 

War *~ 

\& of each channel a scaled data value for the pixel, such as, e.g., by the calculation 

§ scaled_data_value = LSB * (data_value) + (range_minimum_value) 

[M This scaling function is performed by the hardware by scaling components 25, 27 and 29 to 

^| 15 yield scaled data values. 

til 

To select the best of these data values for display, the combiner circuitry first 
compares the data value from the high resolution channel with the data from the middle 
resolution channel at comparator 31, which has a positive output if the two scaled data 
values do not differ by more than the LSB for the medium resolution channel, or some 
20 other user-specified tolerance, e.g., 1.5 or 2 times the LSB. If the values are equal to each 
other within this resolution tolerance, the positive output of the comparator 31 opens switch 
relay 33 to select the high resolution value for further analysis. If however there is too large 
a difference between the high and medium resolution values, this indicates that the value in 
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the high resolution channel has clamped, overflowed, encountered some other bit limitation 
during generation and output of the video signal. If that is the case, the comparator 31 has a 
zero output, and switch relay 33 passes the medium resolution value on for further 
processing, dropping the clamped and less accurate high resolution value. 

The output of the comparison of the high and medium channel data is then 
compared with the scaled data value from the low resolution channel at comparator 35. If 
the values do not differ by more than the LSB for the low resolution channel, or some other 
user-specified tolerance, e.g., 1.5 or 2 times the LSB, the comparator 35 has a positive 
output, which switches relay 37 to pass the result of the comparison of the high and 
medium resolution channels through as the best data value for the pixel. If the values differ 
by more than the low resolution tolerance, then the medium resolution channel value is also 
clamped, and the relay 37 passes the low resolution value through as the best value for 
display, dropping the clamped medium resolution value as less accurate. The result of this 
process is the selected scaled data value for the pixel, which is transmitted along line 1 1 to 
the post-processor 13. 

The selected scaled data values constitute a stream of data organized as pixels in a 
display field. However, as these are scaled values derived in the combiner circuitry and not 
in the software of the image generator, they are not limited in size to the 8 bits of the RGB 
video output channels 5. Rather, the scaled data value for each pixel of the field of view 
may be a larger number of bits, e.g., 20 bits, which provides a high resolution pixel data 
stream to pass on to post-processing. 

Referring to Fig. 1, in the high fidelity system of the preferred embodiment, the 
selected scaled data stream is sent to the post-processor 13 where it is prepared for display 
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on visual display device 17. One aspect of this preparation is applying the gain selected by 
the user via the gain control 15 to the selected data stream. Since there are a large number 
of bits in for each pixel, this application of gain is effectively without adverse effects, e.g., 
there are no quantization effects or other problems caused by values limited by a restrictive 
5 number of bits defining the data values. Also, if necessary for the display device 17, the 
pixel array of data values may be resized to match the pixel array dimensions of the display 
device. 

The display 17 is preferably a monochrome screen and the selected data values are 
: . displayed as monochrome intensities thereon, with adjustments based on the gain control 

?1 10 15 and re-sizing of the pixel field if necessary. Alternatively, however, the display may be 

| 

D a color display and the post-processor (or, in the case of a low fidelity system without a 

* s * post-processor, the combiner circuitry) may convert the intensity values into corresponding 

% % colors, such as in an infrared display, with, for example, red pixels indicating hotter objects 

rti 

III and blue representing cooler ones, or various other color separation methods to improve 

rii 

f\ 15 visual differentiation of objects of different temperatures. 

5 

While three channels are used in the preferred embodiment, it should be understood 
that a larger number of channels might be used, representing many different levels of 
resolution. It also is possible to produce a simpler system with some similar benefits to the 
system described above using only two channels of digital video data. 
20 Another alternative embodiment is based on limiting image processing to one 

channel per object in the field of view so that the only valid output, i.e., the only output to 
be used in display, is through one single specified temperature range channel (high, 
medium, low, etc.). The channel is specified based on the object, such as for example, 
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when an object has a very high temperature in a FLIR system, such as e.g. 10,000 degrees 
C, there is little interest in any resolution of this object other than low resolution. It 
therefore may be tagged as a low resolution object in the scene database of the IG, and this 
selection of low resolution may be specified so the combiner circuitry relies only on the 
specified channel. Similarly, some objects may require high resolution for some view ability 
reason, and these objects may carry a tag selecting high resolution for display. When the 
one channel is selected, other type objects may use one of the other channels, but only one 
of the channels can contain the intensity values to be used for the data display for each 
object. At the output of the image generator, the intensity data video stream lacks 
information on the object type (i.e., if it is a type with a specified resolution channel), 
which makes it somewhat more difficult for the combiner to determine which intensity 
value is the correct one to select from the several channel outputs. To facilitate this 
selection, the object intensities for each object are modified for that object's unused 
channels, while the intensity for that object going to its selected channel is left untouched. 

The modified intensity has to be one that will make it all the way through the image 
generator processing with a determinate result that is independent of range. There is only 
one such intensity, the fading intensity, i.e., the intensity of ambient for a simulated FLIR, 
with no texture. The comparator at the output of the image generator must then look for any 
channel output that is non-ambient as its selection criteria to send it on to the output. If all 
channels end up with the fading intensity coming out due to the large distance of an object, 
it is a non-event, and in general the highest temperature resolution channel would be 
selected. The front end process of replacing the unused channel intensities with ambient 
can be done off line or in real time. 
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One possible combiner circuit for such a system in a FLIR simulation is shown in 
Fig. 4. This system supports two channels, but can be expanded to as many channels as 
required. Because Fig. 4 shows only two channels, some simplification in the selection 
circuitry is possible. 

In the image generator 3, when an object is struck by a trace for a pixel of the 
sensor field of view, the object is compared by a software comparison 41 (illustrated in a 
functional electronic way in fig. 4) with a database 39 of objects in the scene for which low 
resolution data is desired. If there is a match, then, the low resolution channel is desired, 
and the software relay 43 switches to pass through the low resolution data value, 
schematically illustrated as being supplied to input A. This value is passed through to the 
low resolution image generation channel 45 for fading, etc., and on to be output as part of a 
multi channel video signal to combiner 9, as discussed above with regard to the preferred 
embodiment. At the same time similar data is passed through the high resolution image 
generator channel 47 and output with the video output signal. 

In the combiner 9, both channels are scaled by scaling circuitry 49, and the low 
resolution channel is compared by comparator 51 with the value of ambient intensity, 
which is transmitted as a signal to the combiner 9 from the image generator 3 over the same 
connection as is used to send the scaling data. 

If the low resolution channel is at some value other than ambient, it is selected as 
the output value by relay 53. 

In the case where ambient is detected in the low resolution channel, then the high 
resolution channel is selected at relay 53. This means that it is necessary only to make the 
ambient substitution as required in the low resolution channel. The high resolution channel 
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can be sent all unmodified intensities even for those objects that are identified for the low- 
resolution channel processing. 

A combination of these two combiner systems may also be useful where high and 
medium temperature resolutions objects are processed as in the first implementation and 
5 that output is combined with the extremely hot or cold objects using the second 
implementation. 

It will be understood that the invention herein extends well beyond the 
embodiments of the disclosure, and the terms used in this specification should be 

H understood to be language of description, not limitation, as those of skill in the art with this 

W 

III 10 specification before them will be able to make changes and modifications therein without 

m 

**l departing from the scope of the invention. 
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